In this study, the presence of extended spectrum β-lactamase (ESBL)-producing Escherichia coli in aquatic environments (the Orontes River and an urban wastewater) was investigated. Fifty-four E. coli strains resistant to cefotaxime were isolated from the river waters and nearby waste water treatment plant and screened for ESBL gene variants, different classes of integrons and sulfonamide resistance genes. The ESBL-producing E. coli strains were further characterized by PhP-typing system, phylogenetic grouping and antimicrobial susceptibility testing. Of the 54 ESBL-producing strains, 14 (25.9%) belonged to four common PhP types and the remaining were of single types. CTX-M type ESBL genes were identified in 68% of the isolates. The most predominant specific CTX-M subtype identified was bla CTXÀMÀ15 (n ¼ 36), followed by bla CTXÀMÀ1 (n ¼ 1). None of the isolates were SHV and OXA positive. Most of the ESBL positive isolates (n ¼ 37; 68.5%) were harboring sul gene.
INTRODUCTION
During the past few decades, antimicrobial resistance has been one of the most important global crises which significantly threaten human health and also add economic burden to health care systems worldwide. Unnecessary and inappropriate uses of antibiotics are considered to be the major contributing factors for the emergence of resistant strains (Berendonk et al. ) . The use of antibiotics in veterinary medicine to prevent infections and to promote growth of livestock adds to the existing problem with the emergence of resistant strains (Smith et al. ) . Apart from clinical settings, antibiotic resistant bacteria have been also shown to be prevalent in aquatic environments including sewage effluents of domestic, municipal and hospitals, groundwater and surface runoffs (Czekalski et al. ) . Animal and human excreta as well as agricultural use are significant sources of pharmaceutical compounds sinking into wastewater systems, which consequently lead to the widespread distribution of antibiotic resistant bacteria in the aquatic environment (Halling-The global dissemination of multidrug resistance among Gram-negative pathogens is becoming increasingly common via clinical specimens, foods of animal origin as well as aquatic environments which pose a dire threat for the community.
Among Gram-negative pathogens, extended spectrum beta-lactamase-producing (ESBL) Escherichia coli have attracted a lot of attention (Shaikh et al. ) . These strains encode enzymes conferring resistance to a wide variety of β-lactam antibiotics including penicillin, first, second and third-generation cephalosporins, and aztreonam (Malloy & Campos ; Gao et al. ) .
In the last decade, CTX-M has appeared to be the most dominant ESBL type among clinical isolates where more than 80 different CTX-M enzymes classified into five groups have been described so far (Bonnet ) . ESBL-producing E. coli strains frequently contain resistance genes to other types of antibiotics The objective of the present study was to characterize the cefotaxime resistant E. coli strains isolated from the Orontes River and WWTP in Hatay, Turkey. The presence of ESBL gene variants (bla SHV , bla TEM , bla OXA , and bla CTX-M ) and the prevalence of plasmid-encoded sulphonamide resistance genes in these isolates were also examined.
MATERIAL AND METHODS

Sampling
Sewage water samples were collected on three occasions during July, September and December 2014. Samples were collected from the influent and the effluent of a WWTP located in Hatay province with more than 500,000 inhabitants. The 
Isolation and identification of E. coli
Membrane fecal coliform (mFC) agar with cefotaxime (2 μg/mL) was used to isolate ESBL-producing E. coli. One hundred μL of each sample was inoculated onto mFC agar and incubated at 37 W C for 3 h, then incubated overnight at 44 W C. Up to five suspected E. coli colonies (the ones with black color) on mFC agar were chosen and inoculated on blood agar (5% defibrinated horse blood) and incubated at 37 W C for 24 h. The cefotaxime resistant strains were identified as E. coli by the Phoenix system and subsequently confirmed by polymerase chain reaction (PCR) amplification of the universal stress protein (uspA) gene as described by Chen & Griffiths () . Genomic DNA of these isolates was extracted by using a standard boiling method as described by Anastasi et al. () . The primer sequences used in the current study and reaction conditions are given in Table 1 .
Phenotypic confirmation of ESBL production
A double disc diffusion method was used for the confir- 
Typing of isolates
Phylogenetic grouping
In order to exclude homologous isolates, one representative isolate among those with the same resistance pattern and originating from the same source and time points was selected.
A total of 54 selected ESBL-producing E. coli isolates were examined for their phylogenetic groups (PGGs) using the new quadruplex PCR, as previously reported by Clermont et al. () .
PhP-typing
All E. coli strains (n ¼ 54) were typed using PhP fingerprinting method as described by Gündogdu et al. () . In this study PGG; otherwise, they were referred to as a single clone.
Identification of ESBL genes
The presence of the bla TEM , bla OXA , bla SHV , and bla CTX genes was tested by PCR as previously described (Ahmed et al. ) . Further, the subtypes of β-lactamase genes were determined by sequencing of the PCR amplicons.
The obtained sequencing data were compared to those in GenBank data library using BLASTn program.
Detection of sul genes and integron-associated int genes
The presence of sul genes (sul1, sul2 and sul3) were determined using a multiplex PCR method as described 
RESULTS
During the initial phase of isolation, a total of 65 cefotaxime resistant E. coli strains were recovered from river water ESBL-producing E. coli were included for further studies and the remaining 11 isolates were excluded due to having the same antimicrobial resistance patterns as well as coming from the same samples.
According to the resistance profiling, all ESBL-producing isolates were found to be resistant to AMP-SUL, CFZ, CAZ, and CTR (Figure 1 ). In river water samples, the most common PGG was group A (52%) followed by group C (16%) and E (16%), and D (8%) and B (8%). Almost a similar pattern was found among E. coli strains isolated from WWTP samples.
The most common PGG in these samples was group A (48.3%) followed by group C (27.6%), B (10.4%), E (6.9%) and finally D (6.9%) ( isolate was found to have bla CTX-M-1 þ bla TEM-1 (Table 3 ).
In addition, 14 (25.9%) isolates had the bla TEM-1 β-lactamase gene alone. Nevertheless, none of the isolates were found to be SHV or OXA positive.
At least one sul gene was found in 37 (68.5%) isolates of which 31 (57.4%) isolates contained both sul1 and sul2
genes. Additionally, sul2 gene alone was found in five (9.3%) isolates and sul1 gene alone was found in one isolate.
None of the isolates were found to be carrying the sul3 gene (Table 3) . Thirty-three isolates (61.1%) were found to be positive for the presence of integrase genes. Of these, 31 isolates (57.4%) carried int1 and two isolates (3.7%) carried class 2 integron. None of the isolates carried both int1 and int2 or int3 genes (Table 3) . Waste water treatment samples Examining the antibiotic resistance profiles of 54 ESBLproducing E. coli strains, it was found that more than 65% of the ESBL-producing E. coli isolates were resistant to one of the three antibiotics, i.e. CIP, LEV, and STX. This is not sur- Resistance to sulfonamides among E. coli strains is mediated either through the mutations in the chromosomal dihydropteroate synthase gene ( folP) or through the acquisition of an alternative DHPS gene (sul) (Sköld ) for which three sul genes (sul1, sul2 and sul3) have been described so far (Prescott ) . We previously found that 90% of the 
DISCUSSION
1 GEN A CTX-M-15 - - 1 CIP, LEV A CTX-M-15 - - 1 CIP, LEV C CTX-M-15 - sul1 þ sul2 1 CIP, LEV E CTX-M-15 - - 1 TRI-STX A TEM-1 int1 sul1 þ sul2 1 GEN, TRI-STX A CTX-M15, TEM-1 - sul2 1 CIP, LEV, TRI-STX A TEM-1 int1 sul1 þ sul2 1 CIP, LEV, GEN, TRI-STX D CTX-M-15 int1 sul1 þ sul2 1 CIP, LEV, GEN, TRI-STX A CTX-M-15 int1 sul1 þ sul2 1 CIP, LEV, GEN, TRI-STX E CTX-M-15 int1 sul1 þ sul2 1 CIP, LEV, GEN, TRI-STX A CTX-M-15, TEM-1 int1 sul1 þ sul21 A CTX-M-15, TEM-1 - - 1 B TEM-1 int1 - 1 CIP A CTX-M-15 int1 - 1 CIP, LEV D CTX-M-15 int2 - 1 TIC-CLA D CTX-M-15, TEM-1 - - 1 CIP, LEV C CTX-M-15 - - 1 CIP, LEV C CTX-M-15 int1 - 1 TRI-STX B CTX-M-15, TEM-1 int1 sul1 þ sul2
CONCLUSIONS
In conclusion, we found a high level of CTX-M-15 type ESBL enzyme together with sul genes among our isolates, indicating the importance of the Orontes River as a potential reservoir of antimicrobial resistance genes. We also found a high diversity of ESBL-producing E. coli strains in both the river and WWTP samples which point at the diversity of sources of contamination of the Orontes River in this country.
